An experiment was conducted at the Agronomy Field Laboratory, Bangladesh Agricultural University, Mymensingh during November 2014 to April 2015 to investigate the effect of planting spacing and nitrogen levels on yield attributes and yield of maize cv. Khaibhutta. The experiment comprised three nitrogen levels viz. 50, 100 and 150 kg N ha . From this study it may be concluded that maize (cv. Khaibhutta) can be cultivated at the spacing of 75 cm × 25 cm with 150 kg N ha -1 for appreciable grain yield.
and five plant spacings viz. 75 cm × 25 cm, 75 cm × 20 cm, 50 cm × 25 cm, 50 cm × 20 cm and 100 cm × 20 cm. The experiment was laid out in a randomized complete block design with three replications. Results revealed that nitrogen levels and plant spacing had significant effect on yield attributes and yield of Khaibhutta. The highest number of cobs plant 
Introduction
Maize (Zea mays L.) is one of the most important cereal crops of the world. In Bangladesh, the cultivation of maize has been gaining popularity in recent years because of its high productivity and diversified use (Tajul et al. 2013) . In Bangladesh, it covers about 3.5 lac hectares of land producing 23 lac metric tons grains (Baral, 2016) . Maize crop has been included as a major enterprise in the crop diversification and intensive cropping programmes (Zamir et al. 2011) . As food, it can be consumed directly as green cob, roasted cob or popped grain. Its grains can be used for human consumption in various ways, such as, edible oil, corn meal, fried grain and flour. Green parts of the plant and grain are used as livestock and poultry feed. Sheaths of cobs are used to make paper of improved quality cigarettes. Stover, dry leaves, coverings of cobs and shelled cobs are used as good fuel (Ahmed, 1994) . Maize is a major cereal crop for both livestock feed and human nutrition, worldwide. With its high content of carbohydrates, fats, proteins, some important vitamins and minerals, maize acquired a well-deserved reputation as a 'poor man nutricerea (Prasanna et al. 2001) . So, maize can contribute in food and nutritional security program in Bangladesh because of its higher productivity and nutritional value. The average yield of maize in the country is not satisfactory. It is rather very low compared with leading maize growing countries of the world. The national average yield is only 6.45 t ha -1 , whereas, the newly released varieties have the potential to produce more than 8 t ha -1 (AIS, 2015) .
Plant population and fertilizer management usually affect on crop environment, which influence crop growth and yield. Less plant population and poor nutrient management practices are the major yield reducing factors in maize (Dawadi and Sah, 2012) . Nitrogen fertilizer is universally accepted as a key component to high yield and optimum economic return as it plays very important part in crop productivity and its deficiency is one of the major yield limiting factors for cereal production. Balanced and optimum use of nitrogen plays a pivotal role in increasing the yield of maize (Sanjeev and Bangarwa, 1997) . Nitrogen increases biomass production of a crop which largely depends on the function of leaf area development and consequential photosynthetic activity (Natr, 1992) .
Plant spacing is another important factor which plays a significant role on growth, development and yield of maize. Optimum plant population provides scope to the plants for efficient utilization of solar radiation and nutrients. Sunlight can penetrate more easily and can reach the soil surface which may cause excessive evaporation of soil moisture. Closer spacing hampers intercultural operations and as such more competition arises among the plant for nutrients, air and light. As results, plant becomes shorter, weaker, thinner and consequently reduces yield of maize. Adjustment of proper plant spacing in the maize field is important to ensure maximum utilization of solar energy by the crop and reduce evaporation of soil moisture (FAO, 2012) . So, optimum population should be maintained to exploit maximum natural resources, such as nutrients, sunlight, and soil moisture, to ensure satisfactory growth and yield. Narrow row spacing and higher plant density results to delay initiation of intraspecific competition (Duncan, 1984) while early crop growth is increased (Bullock et al. 1988) . Thus the optimum nitrogen rate and appropriate plant spacing has to be ensured with a view to maximizing yield of maize. With the above view, an experiment was carried out to study the effect of planting spacing and nitrogen on yield performance of maize (cv. Khaibhutta).
Materials and Methods
The experiment was carried out at the Agronomy Field Laboratory, Department of Agronomy, Bangladesh Agricultural University, Mymensingh (24.75 N latitude and 90° E longitude) during November 2014 to April 2015 to study the effect of planting spacing and nitrogen on yield of maize. The experimental site belongs to the Old Brahmaputra Floodplain Agro-ecological Zone (AEZ-9) having non-calcareous dark gray floodplain soils of silty-loam texture (UNDP and FAO, 1988) . The experiment was done in a randomized complete block design with three replications having three nitrogen levels viz. 50, 100, and 150 kg N ha was kept and the rest were thinned out at 14 DAS. The crop was irrigated two times at 40 and 80 DAS.
Five plants were randomly selected from each plot for collecting data on yield attributes and yield. At full maturity, the crop was harvested plot-wise on 25 April 2015. Cobs were dried in bright sunshine, shelled and the grains were cleaned properly. Grains and stalk were thoroughly dried plot by plot individually before their weights were recorded. Grains obtained from each unit plot were sun-dried to 14% moisture and weighed carefully and the plot yield was recorded in metric tons per hectare (t ha -1 ). Stalks obtained from each unit plot were dried in sun and final stalk yield per plot was recorded in t ha -1 . Harvest index (%) was calculated using the following formula:
The collected data were statistically analyzed using "Analysis of Variance" technique with the help of computer program, MSTAT. Mean differences among the treatments were adjudged by using the Duncun's Multiple Range Test (DMRT) (Gomez and Gomez, 1984) .
Results and Discussion
Yield attributes
The number of cobs plant and thousand grain weight were significantly influenced by different nitrogen levels (Table 1) . There was an increasing trend was observed in all the yield attributes with increasing nitrogen level. Similar trend of yield attributes were reported by Dawadi and Sah (2012) . Maximum number of cobs plant (Table 1 ). This might be due to proper translocation of sugar and starch in the grain by nitrogen fertilization. A similar result was also reported by Shakarami and Rafiee (2009) and Pandey et al. (2002) . The higher degree of infertility under lower (50 kg N ha -1 ) application might be attributed to poor development of sinks and reduced translocation of photosynthates. Under nitrogen stress conditions there may be big chance to asynchronous flowering and seed infertility, thus reduction in the number of seeds cob -1
. Gungula et al. (2007) reported that there will be more synchrony in flowering with higher nitrogen, thus reducing the rate of infertility during grain filling period. In agreement with the results of the present study, increased in thousand grain weight has been reported with increase in nitrogen levels (Niazuddin et al., 2002; Dawadi and Sah, 2012 Table 2 ). The lowest values for yield attributes in closer spacing were due to high competition for the resources such as sun light, moisture, nutrient and air. Similar trend was reported elsewhere (Hashemi et al. 2005; Dawadi and Sah 2012) . They reported the negative relationship between yields attributes with increasing plant density. In case of closest spacing of 50 cm × 20 cm with high plant densities decreased the yield attributes due to the absence of the usual sink for the assimilate supply and limiting optimum conservation of light energy. The highest number of cob plant with 50 cm × 20 cm spacing (Table 3) . ). Grain and stover yield increased with increase in nitrogen levels was reported elsewhere (Ullah et al., 2007; Dahmardeh, 2011; Dawadi and Sah, 2012) . Harvest index increased due to application of higher dose of nitrogen from 50 kg to 100 kg ha . Sahar et al. (2005) stated that grain and stalk yield were significantly influenced by the increased rate of nitrogen thus increased the harvest index.
Grain yield, stover yield and harvest index were significantly influenced by planting spacing ( Table 2 ). The grain yield at planting spacing of 75 cm × 25 cm was the highest (5.01 t ha ) was recorded at 50 cm × 20 cm spacing (Table 2 ). Due to closer spacing grain yield gradually decreased. Under closer planting spacing, the rate of yield reduction was in response to decreasing solar radiation, nutrient, moisture and air. This result is in agreement with that of Ramulu et al. (2006) . On the contrary, Dawadi and Sah (2012) found the positive relationship between grain yield and plant density due to the high number of cobs harvested from high number of plants unit -1 area. The maximum stover yield (7.46 t ha -1 ) was recorded at the spacing of 75 cm × 20 cm followed by 75 cm × 25 cm (6.77 t ha -1 ) which was statistically identical to the spacing of 50 cm × 25 cm and 50cm × 20 cm the lowest one (6.13 t ha -1
) was recorded at 100 cm × 20 cm spacing. The spacing of 100 cm × 20 cm produced the highest index (42.82 %) followed by 75 cm × 25 cm (42.52%) and the lowest harvest index (39.49%) was recorded at 75 cm × 20 cm spacing. Grain yield, stover yield and harvest index were significantly influenced by the interaction between nitrogen rate and planting spacing. The highest grain yield (5.79 t ha 
Conclusion
Based on the present study, it may be concluded that planting at 75 cm × 25 cm spacing and application of 150 kg N ha -1 could be considered for obtaining higher yield of maize cv. Khaibhutta.
